Introduction {#sec1}
============

Idiopathic pulmonary fibrosis (IPF) is an interstitial lung disease with a fatal prognosis due to progressive pulmonary insufficiency \[[@cit0001]\]. The diagnosis is made on the basis of high-resolution computed tomography (HRCT) and, in select cases, histological examination \[[@cit0002], [@cit0003]\]. The histologic samples may be obtained by means of bronchoscopic forceps biopsy, bronchoscopic cryobiopsy, transthoracic core needle biopsy or open lung biopsy. Open lung biopsy is an invasive diagnostic method performed most commonly under general anesthesia, and allows one to obtain a sufficient volume of specimen in order to make a precise histologic diagnosis. The procedure is routinely performed by muscle sparing thoracotomy or by video-assisted thoracic surgery (VATS). Previous studies have questioned the safety of open lung biopsies. However, their results often pool all of the interstitial lung diseases, or include patients with poor pulmonary function or with cachexia associated with advanced stage of the disease.

Aim {#sec2}
===

Thus, the aim of this study is to evaluate the risk of complications of open lung biopsies performed in the specific population of patients with IPF who have an earlier stage of the disease. Additionally, we will compare the outcomes of muscle sparing thoracotomy versus VATS by examining a historic series of patients and their postoperative variables.

Material and methods {#sec3}
====================

We performed a retrospective analysis of all patients who underwent operations in the Department of Thoracic Surgery Medical University of Gdansk between 1995 and 2014, a number totaling 12 596. Of these patients, 147 underwent open lung biopsy due to an unknown interstitial lung disease from an ambiguous HRCT result. They were accepted for surgery after referral from a pulmonologist and following diagnostic decisions made during multispecialist team meetings. The first patient that was operated on with a diagnostic intent to confirm the type of interstitial lung disease was in 2001.

The inclusion criteria for the study were: direct suspicion of interstitial lung disease stated by a pneumonologist on the basis of a thorough work-up; a preoperative pulmonary function test of forced expiratory volume in 1 s (FEV~1~) \> 30%, reflecting respiratory function that is not significantly impaired; and a definitive postoperative pathological diagnosis of IPF. Thus, out of the patients who had an open lung biopsy, 51 patients who satisfied these criteria entered the analysis.

All procedures were performed under general anesthesia. In the years 2001--2012, 20 patients were operated on through lateral muscle sparing thoracotomy or anterior thoracotomy. In 19 out of 20 patients from this group, marginal diagnostic excision of the pulmonary parenchyma was performed using a vascular clamp and sutured with monofilament 3-0 or 4-0 absorbable running suture. In one patient from this group, a TA Premium mechanical stapler was used. The remaining group of 31 patients were operated on between 2009 and 2014 through VATS, where the excision was performed with a EndoGIA mechanical stapler. One chest tube, size 20 to 28 Fr, was installed after every procedure. The standard of postoperative care did not significantly differ during the early or late phase of the study period, and is listed as follows. Cefazolin (2 × 1.0 g *i.v.*) was used as standard antibiotic prophylaxis. Low molecular weight heparin in prophylactic dose, and proton pump inhibitors were administered in the perioperative period. The patients were treated with ketoprofen, paracetamol, metamizole with tramadol or morphine in order to keep the pain below the level of 4/10 on the visual analog scale. No extradural anaesthesia or paravertebral block was routinely performed. The patients received rehabilitation starting on the day of the surgery, and were standing and walking as of postoperative day 1. In the initial study period (before 2012) the drain was removed when the daily amount of fluid drained was lower than 200 ml. Following 2012, the drain was removed if the daily amount of fluid did not exceed 350 ml, did not contain blood or chylous fluid, and no air leak was present. In more recent operations, digital drainage devices were used.

Statistical analysis {#sec3.1}
--------------------

Statistical tests were used to compare the two groups. For continuous variables, normal distribution was checked using the Shapiro-Wilk W test. Continuous variables with normal distribution (age, body mass index (BMI), FEV~1~, FEV~1~%, forced vital capacity (FVC), FVC%) were compared using Student's *t*-test, while continuous variables with abnormal distribution (pack-years, time of hospital stay, drainage) were compared with the Mann-Whitney *U*-test. Discrete variables (sex, number of complications) were compared using the χ^2^ test. *P*-value \< 0.05 was considered statistically significant.

Results {#sec4}
=======

The characteristics of all patients in the study are presented in [Table I](#t0001){ref-type="table"}.

###### 

Study population

  -----------------------------------------------
  Parameter                   Value
  --------------------------- -------------------
  Number of patients          51

  Mean age \[years\]          58

  Gender                      Female: 23 (45%)\
                              Male: 28 (55%)

  BMI \[kg/m^2^\]             27.2

  FEV~1~ \[dm^3^\]            2.2

  FEV~1~%                     80.0

  FVC \[dm^3^\]               3.29

  FVC%                        80.5

  Current of former smokers   30 (59%)

  Mean pack years             19
  -----------------------------------------------

FEV~1~ -- forced expiratory volume, FEV~1~% -- percent of predicted value of forced expiratory volume, FVC -- forced vital capacity, FVC% -- percent of predicted value of forced vital capacity

We analyzed the study population first as a whole, then in two subgroups: VATS and thoracotomy. Twenty biopsies were obtained via lateral muscle sparing or anterior thoracotomy between 2001 and 2012, while 31 biopsies were obtained through VATS over the years 2009--2014. There were no intraoperative conversions from VATS to thoracotomy in our group of patients. Changes in the frequency of performed types of procedures over the years are presented in [Figure 1](#f0001){ref-type="fig"}. The two groups (operative access by VATS or thoracotomy) did not differ as regards age, gender, pulmonary function tests, BMI or prevalence of smokers ([Tab. II](#t0002){ref-type="table"}).

###### 

Comparison of two study subgroups

  ------------------------------------------------------------------------------
  Parameter                   Thoracotomy\       VATS\               *P*-value
                              (*n* = 20)         (*n* = 31)          
  --------------------------- ------------------ ------------------- -----------
  Years                       2001--2012         2009--2014          --

  Mean age \[years\]          60                 57                  0.40

  Sex                         Female: 9 (45%)\   Female: 15 (48%)\   0.81
                              Male: 11 (55%)     Male: 16 (52%)      

  Mean BMI \[kg/m^2^\]        27.70              27.03               0.57

  Mean FEV~1~ \[dm^3^\]       2.14               2.61                0.42

  Mean FEV~1~%                69.9               88                  0.13

  Mean FVC \[dm^3^\]          3.05               3.38                0.37

  Mean FVC%                   77.5               94.0                0.08

  Current of former smokers   14                 16                  0.15

  Mean pack years             9                  14                  0.39
  ------------------------------------------------------------------------------

BMI -- body mass index, FEV~1~ -- forced expiratory volume, FEV~1~% -- percent of predicted value of forced expiratory volume, FVC -- forced vital capacity, FVC% -- percent of predicted value of forced vital capacity

![Procedures performed in the study period\
VATS -- video-assisted thoracic surgery](KITP-14-31285-g001){#f0001}

Postoperative variables of the entire study group are presented in [Table III](#t0003){ref-type="table"}. Postoperative complications occurred in 2 out of 51 patients in the study group, or 3.9%. These included 1 out of 31 patients who underwent VATS (recurrent pneumothorax), and 1 out of 20 patients after thoracotomy (atrial fibrillation) ([Tab. IV](#t0004){ref-type="table"}). There were no perioperative deaths.

###### 

Postoperative period (study population, *n* = 51)

  ------------------------------------------- ---------
  **Drainage time \[days\]**                  2
  **Number (%) of complications**             2 (3.9)
  **Postoperative length of stay \[days\]**   3
  ------------------------------------------- ---------

###### 

Postoperative period in study subgroups

  -----------------------------------------------------------------------------------------------------------
  Variable                                         Thoracotomy           VATS                     *P*-value
  ------------------------------------------------ --------------------- ------------------------ -----------
  Drainage time \[days\]                           2                     2                        0.50

  Number of complications                          1/20 (5%)\            1/31 (3.2%)\             0.75
                                                   Atrial fibrillation   Recurrent pneumothorax   

  Length of postoperative hospital stay \[days\]   4                     3                        0.04

  30-day mortality                                 0                     0                        --
  -----------------------------------------------------------------------------------------------------------

VATS -- video-assisted thoracic surgery

The study subgroups did not differ significantly in number of postoperative complications or duration of drainage after procedures in both groups ([Tab. IV](#t0004){ref-type="table"}). However, the study did reveal a statistically significant difference in postoperative length of stay.

Discussion {#sec5}
==========

Idiopathic pulmonary fibrosis is a chronic, progressive and fatal lung disease. There is no effective medical treatment, with lung transplant being the only alternative. Diagnostic strategies in IPF and other interstitial lung diseases should be made during the multidisciplinary team meetings \[[@cit0004]\]. The diagnosis of IPF is based on HRCT and surgical lung biopsy in cases with an ambiguous HRCT result \[[@cit0002]\]. Only 30--60% of patients require surgical lung biopsy \[[@cit0005]\]. On the other hand, the exact pathological diagnosis is stated in only 70--81% \[[@cit0006]\].

The incidence of IPF is relatively high among interstitial lung diseases, and its prognosis is overall poor, with a 5-year survival worse than several cancer types. Other interstitial lung diseases, such as idiopathic interstitial pneumonias, have better prognoses and require different therapies; therefore biopsy can affect therapeutic management. Thus, the pathological confirmation of IPF is needed to rule out the possibility of diseases with better therapeutic options and prognoses. As seen in our study, 35% of patients with radiologically suspected interstitial lung diseases ultimately had IPF histologically confirmed, which means that therapeutic decisions for the majority of patients were affected.

Controversies present in previous studies about the safety of surgical lung biopsy may be due to the common reporting of surgical lung biopsies performed for all interstitial lung diseases. These studies have calculated that open lung biopsy is a procedure with a high risk of complications between 7 and 19% \[[@cit0006]--[@cit0008]\]. The most commonly mentioned complications are persistent air leak, readmission within 30 days, prolonged mechanical ventilation, and pneumonia. However, this may not reflect the exact risk of the procedure in varying clinical characteristics of different types of interstitial lung diseases. We decided to present the results of this surgical diagnostic procedure in the homogeneous group of patients with idiopathic pulmonary fibrosis in an early stage of the disease.

Our study results demonstrate that open lung biopsy, whether VATS or thoracotomy, performed in IPF possesses an acceptable level of complication risk in groups of patients who have an early stage of the disease without significant impairment of respiratory function. This procedure is not associated with prolonged hospital stay and may be safe and valuable in the diagnosing of IPF. The complications reported in our series are not typical for open lung biopsies but rather for resections of the pulmonary parenchyma. The low rate of complications (3.9%) reflects the early stage of the disease in which patients were accepted for diagnostic surgery.

The reported perioperative mortality (usually defined as 30-day) in interstitial lung diseases varies from 3% to 17% \[[@cit0006]--[@cit0010]\], but is most commonly reported below 10%. This is likely in populations of high-risk patients with end-stage respiratory insufficiency or with significant concomitant diseases. We present the results of treatment of a completely opposite group of patients with IPF. Relatively young patients with good pulmonary function tests who are not cachexic are excellent surgical candidates for this kind of diagnostic procedure. Currently the postoperative period rarely exceeds 3 days, and the mortality rate is as low as 0 due to the rarity and mildness of complications.

On the basis of a recently published paper \[[@cit0011]\], attempts are made to implement a risk scoring system for surgical biopsies in interstitial lung disease. The data allow identification of high-risk patients with an increased 90-day mortality. The lowest grade of the proposed scoring system is related to perioperative risk as low as 2%, while the top risk tier is associated with 86% risk of 90-day mortality. This scoring system obviously guides the decisions concerning the acceptance of open lung biopsies in early IPF patients. However, lack of validation studies is a barrier to routine implementation of the abovementioned scale.

Nonetheless, we would advocate that in the case of patients with end stage IPF, open lung biopsy should be avoided. Recent advances in endoscopic techniques or a core biopsy are the only diagnostic options for these patients. It should be taken into consideration that around half of the patients do not benefit from open lung biopsies because the pathological result of the examination does not imply a change in medical treatment \[[@cit0006]\]. This number may be more pronounced in patients with end stage of the disease. Extremely high perioperative mortality in these patients should be the reason for assuming open lung biopsy as a contraindicated procedure.

In addition, our retrospective analysis demonstrates the safety of performing surgical lung biopsy in patients with IPF through either thoracotomy or VATS. Although VATS is currently the procedure of choice in open lung biopsy, due to a long period of retrospective analysis, we had an opportunity to compare patients who underwent either procedure in terms of duration of drainage, the number of postoperative complications, postoperative length of stay and 30-day mortality. The only difference between groups occurred in postoperative length of stay, which may result from changes in the frequency of the types of procedures performed over the years. As proven by numerous studies, VATS is better tolerated and associated with reduced length of hospital stay \[[@cit0012]\]. Nevertheless, our results have shown that open lung biopsy performed through thoracotomy could be just as safe as through VATS. The authors' aim of presenting the results of treatment of patients who underwent thoracotomy is to underline the safety of thoracotomy in a high volume center, not to promote the procedure as an alternative to VATS.

This study has several limitations. The retrospective character of this analysis does not offer the opportunity to draw exact conclusions with a high level of confidence. The relatively small numbers of analyzed patients may also raise some bias. However, we assume that the gathered data support the drawn conclusions. The advantage of the study is presenting the results of diagnostic surgery in a homogeneous group of patients with IPF with good pulmonary function tests, allowing for a safe intervention.

Conclusions {#sec6}
===========

In generally fit patients with normal pulmonary function tests, open lung biopsy performed for IPF is a safe procedure. Open lung biopsy performed through thoracotomy could be as safe as through VATS, but it is characterized by longer postoperative stay.
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